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Abstract Resumen

The mechanisms responsible for soil-N-mediated species L0s mecanismos mediados por el nitrégeno del suelo respons:
replacement of native perennial grasses by the invasive annual@bles del reemplazo en pastizales de especies de zacates nativ

grasses cheatgrassBfomus tectorum L.) and medusahead
(Taeniatherum caput-medusae [L.] Nevski) on rangelands are not
completely understood. In addition, the contributions of distinct

perennes por los zacates invasores anuales “Cheatgrass’
(Bromus tectorum L.) y ‘Medusahead” no estan completamente
entendidos. Ademas, la contribucion de las distintas formas de

forms of inorganic N (i.e., NH,;* and NO3") to these shifts in nitrégeno inorganico (NH,* y NO3") a estos cambios de composi-

Species Composition are Currenﬂy unclear. Consequenﬂy’ we con-clon de especies actualmente no esta clara. Consecuentement
ducted a greenhouse experiment to test 2 hypotheses: 1) that loncondujimos dos experimentos en invernadero para probar 2

N availability reduces growth (root and shoot) and N allocation hipotesis; 1) Una baja disponibilidad de N reduce el crecimiento

of invasive annual seedlings more than native perennial species (de raiz y tallos) y la distribucion de N de las plantulas del zacate
and 2) that seedling growth and N allocation of invasive annual invasor anual mas que en las especies perennes y 2) el crecimier
grasses is more responsive than native perennial grasses wheto de las pléntulas y la distribucién de N de los zacates invaso_res
Supp"ed with NO3_ relative to NH4+_ We grew Seed”ngs of 2 anuales presenta_ln_ una mayor respues_ta que |0§_ zacates nativo
annual grasses and the native perennial grasses bluebuncrperennes al suministro de N@ en relacion a NH;™. Durante 17

wheatgrass Pseudoroegneria spicata [Pursh] A. Léve), and 4
populations of squirreltail (Elymus elymoides [Raf.] Swezey;E.

semanas desarrollamos plantulas de los dos zacates anuales y ¢
los zacates nativos perennes “Bluebunch wheatgrass”

multisetus [J.G. Smith] M.E. Jones) in separate pots and exposed (Pseudoroegneria spicata [Pursh] A. Léve) y de 4 poblaciones de

them to treatments differing in N form and availability for 17

“Squirreltail” ( Elymus elymoides [Raf.] Swezey;E. multisetus

weeks. Unexpectedly, root and shoot growth of annual grasses[J.G. Smith] M.E. Jones), las plantas crecieron en macetas sepa-
were equal or greater than native perennial grasses under low N radas y expuestas a diferentes formas y disponibilidad de N. En
availability. Annual grasses took up more N@™ and allocated una baja disponibilidad de N el crecimiento de raiz y tallos de los
more growth and N to shoots than the perennial grasses (P <zacates anuales fue inesperadamente igual o mayor que el de lo
0.05). Perennial grasses had significantly greater root:shoot dry zacates nativos perennes. Los zacates anuales absorbieron mé
mass ratios than the invasive annual grasses across treatments (FNO3"y asignaron mas crecimiento y N a los tallos que los zacatea
< 0.05). Invasive annual and native perennial grasses both hadnativos perennes (P < 0.05). Los zacates perennes tuvieron un:
greater (P < 0.05) shoot and root mass and allocated more N to'€lacion de biomasa seca raiz:tallo mayor que los zacates inva-
these structures when supplied with N@ relative to NH4+. The sSores anuales, esto se presento en todos los tratamientos (P

ecological implications of these growth and N allocation patterns
in response to N availability and form provide important clues
regarding the specific traits responsible for differences in com-
petitive ability between invasive annual and native perennial

0.05). Tanto los zacates anuales invasores como los nativo
perennes tuvieron una mayor (P < 0.05) biomasas de tallos y
raices y asignaron mas nitrégeno a estas estructuras cuando
fueron suministrados con NG en relacion a NH,*. Las implica-

ciones ecoldgicas de estos patrones de crecimiento y distribucior
de N en respuesta a la forma y disponibilidad de N provee
importantes indicios con respecto a las caracteristicas especificas
responsables de las diferencias en la capacidad competitiva entre
los zacates anuales invasores y los nativos perennes de los pasi
zales semiaridos.

grasses on semiarid rangelands.
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rangelands in the Intermountain Weshigher relative growth rates (Poorter et alexchange capacity (CEC) was 7 cmot‘kg
(Mack 1981, D’Antonio and Vitousek 1990, Lambers and Poorter 1992)3oil. Total soil carbon (C) (13 g Rpyand
1992, Young 1992). Repairing disturbedAlthough evidence exists that demontotal soil N (1 g kg) were determined by
rangelands by re-establishing perenniatrates that cheatgrass and medusahed@idect combustion with a LECO CHN-
grasses is extremely difficult becauséave higher relative growth rates than000 autoanalyzer (LECO Corp., St.
these annuals maintain dominance on diswative perennial grasses (Arredondo et aloseph, Mich)) Soil gravimetric water
turbed sites by exhibiting high growth1998), it is unclear whether these annualsontents at —0.033 and —1.50 MPa wer
rates and seed production (Harris 196%ill be favored under conditions of high N6.9 and 3.6%, respectively. Soil was
Wilson et al. 1974, Goebel et al. 1988availability, which has been observed fopassed through a 6-mm sieve to remov
Aguirre and Johnson 1991). In additionannuals in other plant communities (e.grocks and organic debris and thoroughly
these invasive annual grasses are considerts and Berendse 1988). Converselymixed. Soil equivalent to 7 kg oven-dry
ered to be superior competitors for limitedioes low N availability reduce growthweight was added to individual plastic
soil water (Harris and Wilson 1970, rates of invasive annual grasses so that rgJets (20 cm tall x 18 cm diameter at the
Melgoza et al. 1990) and nitrogen (N)ative performance of annual and perennidgdase and 22 cm diameter at the top
(Dakheel et al. 1993, Link et al. 1995).  grasses are similar? Or do invasive annugiter) with foam plugs inserted in the
Soil N is a particularly important and desirable perennial grasses differ idrainage holes to keep soil within the pot
resource because its availability is inhertheir nutrient-use efficiency (Chapin 1980)This experiment was conducted in &
ently low under stable community condi-and biomass partitioning to shoots angreenhouse without artificial lighting from
tions and may increase up to 12-fold folvoots when grown in low and high N sup-January to May 2000.
lowing wildfire disturbance (Blank et al. ply (Hirose 1987)? Answers to these ques- The following 5 soil treatments were
1994, 1996). Although many soil nutrientgions may provide important clues regardestablished prior to planting grass
are important to plants, the availability ofing the specific traits responsible for dif-seedlings: 1) control = no N added, 2
N most often limits productivity and inten-ferences in competitive ability betweenstraw = barley straw (1 mg Kgsoil)
sifies competition among species in planinvasive annual and desirable perennigjround to pass a 1-mm screen and tho
communities (McLendon and Redentegrass species. In addition, this informatiomughly mixed with soil, 3) Ni" = 10 mg
1991, 1992, Tilman and Wedin 1991). Fomay help in identifying managementN kg* soil added as (Njj,SOy, 4) N|—|4+
example, field research suggests that addiptions to improve the success of seeding | (nitrification inhibitor) = 10 mg N kg
tion of inorganic N to disturbed range-perennial grass species into rangelandsil added as (Nl),SO, + 37 ml
lands increases the relative abundance dbminated by cheatgrass or medusaheadnitrapyrin (29% a.i., (2-chloro-6-
cheatgrass (Wilson et al. 1966, Paschke etHere we report on the results of a greertrichloromethyl) pyridine), and 5) NQ=
al. 2000), while reductions in N availabili-house experiment that compared seedlingd mg N kg' soil added as Ca(N§),.
ty generally increases the relative abungrowth of 2 invasive annual grasses and Ritrapyrin inhibits the first nitrification
dance of perennials (Paschke et al. 200@)ative perennial grasses in response tep of bacterial Nk{"‘ oxidation and tem-
Reductions in soil N have also been showtreatments differing in N form and avail-porarily (~60 days) stabilizes l\hF'r in
to improve the competitive ability of blue-ability. Specifically, we compared plantsoils. The purpose of the straw treatmer
bunch wheatgrassPgeudoroegneria spi- biomass and N allocation to shoots andias to decrease overall inorganic N avail
cata [Pursh] A. Love) relative to that of roots, tiller number per plant, and plantability by promoting microbial immobi-
the invasive species spotted knapweeidduced changes in inorganic soil N ofization of inorganic N. A preliminary
(Centaurea maculosa Lam.) in pot experi- species grown separately in pots. We tesg¢valuation indicated that nearly all
ments (Herron et al. 2001). In additionged the following 2 hypotheses: 1) that lowextractable inorganic N was immobilized
availability of the most abundant soil min-N availability reduces growth (root andin the straw treatment within 5 days wher
eral N forms (i.e., N@ or NH4+) may shoot) and N allocation of invasive annuaoil moisture was brought to field capacity
influence the relative establishment oteedlings more than native perennial6.9%). All treatments were randomly
invasive annual or perennial grasses. Fgrasses, and 2) that seedling growth and &pplied to 28 pots with 600 ml of water 2
example, Young et al. (1995, 1998) foundllocation of invasive annual grasses iglays before planting. In addition, treat-
that fertilizing rangelands with N more responsive than native perenniahents 3, 4, and 5 were re-applied at ha
enhanced seedling emergence and estajrasses when supplied with NQrelative the initial rate of N (5 mg kysoil) with

lishment of medusahead, while fertilizato NH,". 300 ml of water 10 weeks after planting
tion with NH4+ did not. Results from seedlings.

these field experiments suggest that Soils were initially analyzed to quantify
manipulation of N form and availability Materials and Methods treatment effects on soil Nfi and NGy~
may enhance the success of seeding peren- at 2 days after treatments were applied b
nial grasses into disturbed rangeland ils taking soil cores (0 to 7 cm depth x 1.5 cn

infested with cheatgrass and medusahead: The soil for our study was excavatedliameter) from a subset of 3 pots of eac
The mechanisms responsible for thesﬁom Dugway Proving Grounds (40° 14:treatment, which were not included in the

N-mediated shifts in species dominance,.\ "1 15° 50’ 47" W) in Tooele County experiment. Plant-o_’_r-microbe induced

however, are not completely understoo% ' "changes on soil Nfi" and NG;” were

Defining th hani . eva-t' to a maximum depth of about 60 cm. qf 1 soil 0'to 20
efining these mechanisms requires he top 2 cm of soil and litter was discargMeasured from 1 soil core (0 to cn
uation of the specific growth and/or func-

donal traits ther itered by N availabi €9 t0 avoid existing seeds on the soil sufepth x 1.5 cm) from each pot at week :
uonal traits that are aftered by N avallablly, .o - the soil was a coarse loamy Xeric
ity. Do invasive annual grasses perfor%

better than perennial grasses under hi orriorhents and a member of € weniion of a trade name does not imply ar
soil N availability because annuals hav edburn Series (Trickler et al. 2000). Soilendorsement or recommendation by USDA over sim
Y %H in distilled water was 8.2, and cationilar products or companies not mentioned.
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and from a subsample of the whole posoil by sieving and then washing wit
after roots were removed at the end of theater. Shoot and root components for es e===a Control
experiment (week 17). Soil removed byot were dried at 55° C for 5 days t 30} == Straw
coring was replaced with air-dried soil. Allobtain dry mass values and then grou
soil analyses were performed according twith a miniature coffee mill to pas: 20t
methods described by Hart et al. (1994xhrough a 0.7-mm mesh screei-
Soil samples were kept chilled until theyConcentrations of total C and N for shoo & 44| .
were thoroughly mixed and extracted witrand roots were determined by direct cor ®© : *

2 M KCI within 4 hours. The KCI solu- bustion with a LECO CHN-2000 autoan: <
tions were filteredhrough pre-leached fil- lyzer (LECO Corp. St. Joseph, Mich.' £
ter paper and frozen until analyzedThe concentration of N was multiplied b 2
Concentrations of N@ and NH," were dry mass values to determine the amot j—
analyzed colorimetrically with a flow of N in roots and shoots. In addition, !
injection autoanalyzer (Lachet Instrumentsand N concentrations were used to calc
Milwaukee, Wis.). late the carbon-to-nitrogen ratio (C:N) i
roots and shoots. Initial soil concentratiol

of NH," and NG;” were analyzed with

Plants gne-way analysis of variance (ANOVA

The perennial grasses native to weste

North America that were used in 0u|;:md means separated with thg Tukey H¢ CG MH BB SH SG LC LW
experiment included ‘Goldar’ bluebunch!€St: Differences between soil treatmen = ial
! ! d th for the s Annual erennia
wheatgrass Rseudoroegneria spicata grasses, and their interaction for the s .
and plant variables were analyzed by tw SpeC|es

[Pursh] A. Love), 2 populations of big i .
squirreltail: Sand Hollow and Seaman's"®Y ANOVA. Treatment differences with- Fig. 1. Mean (+ 1 SE) number of tillers
Gulch Elymus multisetus [J.G. Smith] 1" each grass were tested with the Tuke gianf'l for cheatgrass (CG), medusahead
M.E. Jones), and 2 populations of bottleHSD test ?ftef.a one-way ANOVA, and ?MH) bluebunchgwheat rass (BB), and 4
brush squirr'eltail: Little CamasE( ely- statistical S|gn|_f|cance is shown in figures squir}eltails- Sandhollovg (SH) Seaman’s
moides [Raf.] Sweezey ssgbrevifolius) and tables. Differences between grasse ) ’

o : Gulch (SG), Little Camas (LC), and Little
and Little Wood E. elymoides ssp. ely- within a treatment were tested with the

Wood (LW). Plants were grown in 4 soil
moides). The invasive annual grasses usequkey HSD test after a one-way ANOVA,  treatments for 17 weeks in a greenhouse
in our experiment included cheatgrass an

d statistical signi_ficance_ is discussed i to compare responses to N availgbi”ty
medusahead. Seeds of these invasiv8® Results section. Differences ar¢ (control vs. straw) and N form (NH;™ + |
annuals were collected in Cache Cc)un“}’eferred to as ‘significant’ when P < 0.05. vs. NO3). Asterisks above bars denote
Ut (41° 46' 07" N, 111° 47' 11" W for Comparisons between the control an: significant (P < 0.05) differences between
cheatgrass and 41° 32" 18" N. 111° 4gStraw treatment were used to evaluate | the respective 2-treatment comparisons.

00" W for medusahead). The short-live Va”?‘b”ity effects (Hypothesis 1).
squirreltails and long-lived bluebunch¢edling responses to the hiH+ | and the other treatments. By comparison, ini

wheatgrass typically compete with thdVO3 treatments were used to contrast thgal soil NO;™ in the NGy~ treatment was

invasive annuals used in our experiment ififects of N form (Hypothesis 2). significantly greater (> 20 fold) than val-
many regions of the Intermountain West. ues of the other 4 treatments. Difference
The 7 taxa are hereafter referred to as between the control and straw treatment
grasses for simplicity of discussion. Each Results for soil NH, " and NGy were not initially
grass was randomly assigned to 4 pots per detected. Plant growth and N allocation ir

treatment. Seeds of each grass were germi-Treatments designed to produce distindf!® NHy * treatment was usually interme-
i ithi iate to the Ni* + | and NG~ treatment
nated on blotter paper and transplanted M-forms were established within a fe Joar et
cm from the edge of each pot in a circuladays after application (Table 1). Initial soil Medusahead produced significantly
pattern to establish 5 plants per pot. AfteN H4+ was significantly higher in the More tillers per plant than any of the othe
plant establishment, pots were watered RH, " and NH," + | treatments than in SPECies in all treatments except the stra
times each week with a syringe. Beginning treatment (Fig 1). Annual and perennia

at week 3, soil water content was adjusted _ grass seedlings had similar numbers c
weekly to the predetermined field Capacit)TabIe 1. Mean (+ 1 SE, n = 3) soil concentra- tillers per plant within the straw treatment.

(6.9% gravimetric soil water content). In 19" f NH,* and NOg™ measured two days A significant grass x treatment interactior

- ; after initially applying treatments. Means ; indi
addition, 70 g of perlite (processed yjthin the same column followed by differ- for number of tillers per plant indicated

siliceous rock) was added to the surface ¢ ent letters are significantly different (P <  thal grasses did not respond uniformly t

each pot at week 4 to minimize evapora 0.05). N treatments (Table 2). Immobilizing soil
tive loss from the pots. N with the straw treatment significantly
Plant growth and tissue N variablesTreatment NH* NOgz" reduced the number of tillers per plan
were assessed on harvested plants at t— - - (mg N Kg" Soil)-———— from values in the control by an average
end of the experiment (week 17). Numbe Control 08+0.1a 03+01a Of 84% for the perennial grasses, 76% fo
of tillers plant' was counted to obtain a Straw 09+01a 14:+04a Cheatgrass, and 93% for medusahead. /
mean for the 5 plants in each pot. AboveNH,* 247+04b 11+10a Species produced more tillers per plant i
ground biomass of all plants was harvesiNHg"+1  23.0+1.4b 08:03a the NO; treatment than in the NfT + |
ed at the soil surface, and root biomasNO3" 08%0.1a 17.8+04b  treatment except for cheatgrass. Howeve
(including crowns) was separated from the this N form effect was significant only for
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Table 2. Results of two-way analysis of variance (ANOVA) of growth variables for the 2 invasive

annual and 5 native perennial grasses grown in 4 soil treatments for 17 weeks in a greenhouse = Control
NS = not significant. Error term df = 84 (all tests). o)
= 6} s Straw
Treatment Grasses Treatment x Grasses §
Source of variation (df=3) (df = 6) (df = 18) »n 41 .
Tillers per plant P <0.001 P <0.001 P <0.001 8
Shoot dry mass P <0.001 P <0.001 P <0.001 S 21,
Root dry mass P <0.001 P <0.01 NS >
Shoot N P <0.001 P <0.001 P <0.001 Q
Root N P <0.001 P <0.001 P <0.001 — —_—
Root:shoot ratio P <0.001 P <0.001 P <0.01 8 6t NH." + 1|
]
Shoot C:N ratio P <0.001 P <0.001 P <0.001 = 4
Root C:N ratio P <0.001 NS P <0.001 192] —
5 week soil N@" P <0.001 NS NS °
5 week soil Ng#* P <0.001 NS NS )
17 week soil NG P < 0.001 P <0.05 P<0.01 ad
17 week soil Ni* NS NS NS

bluebunch wheatgrass and Sandhollowquirreltail, but none of the other perennia
grasses. The absence of a significant gra

and Seaman’s Gulch big squirreltails.

Shoot dry mass of annual grasx treatment interaction for root dry mass

seedlings exceeded (P < 0.05) that of thedicated that annual and perennial
perennial grass seedlings for all treatmenteedlings responded equivalently to so
(Fig. 2). The straw treatment sustainetreatments (Table 2). Although not statisti
significantly lower shoot dry mass thancally significant, 4 of the 5 perennial
the control similarly for cheatgrass (88%)grasses (Seaman’s Gulch and Sar
medusahead (91%), and the perennidlollow big squirreltails, Little Camas bot-
species (91%). Consequently, the signifitlebrush squirreltail, and bluebunch whea
cant species x treatment interaction fograss) had greater root dry mass averag
shoot dry mass (Table 2) was a result aicross treatments than the invasive annt

greater shoot dry mass |n the plQreat-

grasses. Low N availability in the stran

ment compared to the MH treatment for treatment significantly reduced root dry
both annual grasses and Sand Hollow bigass by 92% from the control across a

CG MH BB SH SG LC LW

Perennial
Species

Fig. 3. Mean (x 1 SE) root:shoot dry mass
ratio for cheatgrass (CG), medusahead
(MH), bluebunch wheatgrass (BB), and 4
squirreltails: Sandhollow (SH), Seaman’s
Gulch (SG), Little Camas (LC), and Little
Wood (LW). Plants were grown in 4 soil
treatments for 17 weeks in a greenhouse to
compare responses to N availability (con-
trol vs. straw) and N form (NH4+ + | vs.
NO3"). Asterisks above bars denote signifi-
cant (P < 0.05) differences between the
respective 2-treatment comparisons.

Annual

species (Fig. 2). In contrast, soil treat:

ments that differed in N form did not sig-
1250 ¢ —= Control 1250 ¢ nificantly modify root dry mass.
1000 } W Straw ~ 1000 } Values for root:shoot dry mass ratio
g’ . (RSR) of the invasive annual grasses wer
=) 750 E 750« L. * o X cor]sistently !ower (P <_0.05) than the
. ot native perennial grasses in each treatme
£ 500 $ 50 : ! | h _
» . © (Fig. 3, Table 2). In addition, the 4 squir-
B 250 A PR B 250 1 reltails consistently had greater RSR val
CEU 0 > 0 ues than bluebunch wheatgrass. This si
1250 | —— NH O 1250} nificant grass x treatment interaction was
o x % NH" + [ B consequence of RSR values in the stra
e 1000 t == o 1000 treatment being significantly lower than
8 750 + mmm NO o 750 | the control for cheatgrass and bluebunc
Pt o wheatgrass, but none of the other 5 gras
o 500¢ . 500 ¢ es. In contrast, no differences in RSR wer
250 } II II II " " 250 + observed between N-form treatments fo
any grass.
0

CG MH BB SH SG LC LW

CG MH BB SH SG LC LW

Shoot N was generally greater in annuge
grasses, while root N was generally

Annual Perennial Annual Perennial greater in perennial grasses (Fig. 4). Fc
. ; example, medusahead allocated more N

| .
SpeCleS Spec es shoots than the perennials for all treat

Fig. 2. Mean (+ 1 SE) shoot and root dry mass for cheatgrass (CG), medusahead (MH), bluements (P < 0.05) except the straw treat
bunch wheatgrass (BB), and 4 squirreltails: Sandhollow (SH), Seaman’s Gulch (SG), Little ment. Similarly, cheatgrass shoots con
Camas (LC), and Little Wood (LW). Plants were grown in 4 soil treatments for 17 weeks in tained more N than the squirreltails (P <
a greenhouse to compare responses to N availability (control vs. straw) and N form (WH 0. 05), but not bluebunch wheatgrass, fo
+ 1 vs. NOy"). Asterisks above bars denote significant (P < 0.05) differences between thg|| treatments. Medusahead roots ha

respective 2-treatment comparisons. lower N content than all perennial grasse
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root C:N ratio was only significantly

— Control greater than both bottlebrush squirreltai_ls
15 } s Straw 15 } Average root C:N pooled across specie
- was significantly higher in the control
—~ 10} 2 10} treatment than in the straw (6%), I
L ® (28%), NH, ™ + 1 (26 %), and N@ (37%)
% 5| . a 5|, e e treatments. Low N availability produced
a * * k% s o) * H_ n_ H_ n- n by the straw treatment consistently
> 0 L n_ Nnnononn 3 0 ﬂ N reduced shoot C:N ratios from the contro
b . = for all grasses. By comparison, cheatgras
- == NH, — and medusahead were the only grasses
Z 157 * == NH, +1 8 15 ¢ . show a significant response to N form
©  NO.- 04 with lower shoot C:N ratios in the NO
Q2 10} * : 10 ¢ than NH,™ + | treatment.
) The 5 treatments produced significantly
5t different soil NH," and NG~ values mea-
sured at week 5; however, grasses he
0 ; similar effects on soil Nﬁl"’ and NG;™ at
CG MH BB SH SG LC LW CG MH BB SH SG LC LW this date (Fig. 6, Table 2). The amount o
soil NO3™ averaged across grasses remair
Annual Perennial Annual Perennial ing in the NG~ treatment at week 5
Species Species exceeded the straw treatment b_¥ 92%, tr

control treatment by 68%, the YH treat-
Fig. 4. Mean (+ 1 SE) shoot and root N for (CG), medusahead (MH), bluebunch wheatgrassment by 32 %, and the NH + | treatment
(BB), and 4 squirreltails: Sandhollow (SH), Seaman’s Guich (SG), Little Camas (LC), and by 73%. Soil NI—A+ values measured at
Little Wood (LW). Plants were grown in 4 soil treatments for 17 weeks in a greenhouse to week 5 were significantly greater in the
compare responses to N availability (control vs. straw) and N form (NH + 1 vs. NO3). NH4+ + | treatment (3.1 mg k{ than val-
Asterisks above bars denote significant (P < 0.05) differences between the respective 2je5 for the other treatments (range = 0.0
treatment comparisons. to 0.18 mg kg) measured at week 5.
) ) However, by week 17, values for soil
in the control and Nyt treatment (P < pe(en][llal gradsses.hFoa |nstanﬁ§,hroot C:NH," did not significantly differ between
0.05). In addition, root N of medusahead@!!© for medusahead was higher (P treatments or grasses (range = 0.13 to 0..
and cheatgrass was significantly less tha 05) than all grasses; however, chealgragsy kg?) (Table 2). In contrast, at week 17,

Sandhollow and Seaman’s Gulch big
squirreltails, and Little Wood bottlebrush

squirreltail in all treatments except the 80t 80

straw treatment. The straw treatment sig . f CS:tontrol

nificantly reduced shoot and root N from 60 raw 60 t

the control by a similar percentage for al o

grasses. Shoots contained more N in th 40 ¢t g 40t

NO3™ treatment than in the N{T +1 .8 o

treatment for all grasses except Little @ 20 | - 20¢

Wood bottlebrush squirreltail. Similarly, o O

all grasses except Little Wood bottlebrust < 0 — 0

squirreltail and cheatgrass allocated sig & 80 | == NH,’ S 801

nificantly more N to roots in the NO 5 60 | == NH, +I e 60 |

treatment than in the I\LH + | treatment. O *

Consequently, we attribute the significan 53 40 | 40 |

treatment x grass interactions for shoo

and root N (Table 2) to species diﬁerence 20 } 20 t

in response to the NOQ and NH, ™ + |

treatments, because these grasses dem 0 0

strated similar reductions from the contro CG MH BB SH SG LC LW CG MH BB SH SG LC LW

when inorganic soil N was immobilized

by the straw treatment. Annual Perennial Annual Perennial
Invasive annual seedlings had greater ( Species Species

< 0.05) shoot C:N ratios than native

Ee[re;bnlgselen diﬁgi;ﬂ;rgllttr:ae;ttr:qneer?ttssfq':c;g':ig' 5. Mean (£ 1 SE) shoot and root carbon:nitrogen concentration ratio (C:N) for cheat-
g C e ! grass (CG), medusahead (MH), bluebunch wheatgrass (BB), and 4 squirreltails:
C:N ratio of cheatgrass exceeded medus  gapgholiow (SH), Seaman’s Guich (SG), Little Camas (LC), and Little Wood (LW). Plants
head by 15% and the average for th \ere grown in 4 soil treatments for 17 weeks in a greenhouse to compare responses to-
perennial grasses by 47%. Root C:N ratio  availability (control vs. straw) and N form (NH,* + | vs. NOg"). Asterisks above bars
were generally greater for annual thar denote significant (P < 0.05) differences between the respective 2-treatment comparisons.
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Week 5 Week 17 1993a, 1993b), wherein fast and slow
growing grass species responded similarl
to low soil N. These authors explained tha

species (van der Werf et al. 1993b). Thi
response pattern closely resembles th
responses observed in our experimer
because the fast-growing invasive annuz
grasses (Arredondo et al. 1998) primarily

25| 2 (S:torgf/;m 6t fast-growing grasses initially allocate

20t — more carbon to root growth and take uy

15 | ‘Tc) 4| more N per plant than slow-growing
e X grasses, allowing them to produce mor
‘o 10t > biomass than the slow-growing grasse
~ g é [ under low N availability. However, N
g’ || (e N H ||i || || e M availability per plant (i.e., in pots)
£ 0 B O 0 . decreased through time for both specie
"= 25} == NH, Z ~and led to decreased relative growth rate
O == NH," +1 S 6t . and increased allocation to roots (Hirose
E 20 | m— NO, %) e x 1987), especially in the slow-growing
= I
w

CG MH BB SH SG LC LW CG MH BB SH SG LC LW allocated N and biomass to shoots, where
as allocation was primarily to roots in the

Annual Perennial Annual Perennial slow-growing native perennial grasses
Species Species Thus, high growth rates in the invasive

annuals may have enabled them to bett

exploit the limiting N supply in pots and

Fig. 6. Mean (+ 1 SE) concentration of Ng measured in soils at 5 weeks and 17 weeks for perform relatively better or equal than the

cheatgrass (CG), medusahead (MH), bluebunch wheatgrass (BB), and 4 squirreltails:s|ow-growing native perennial grasses

Sandhollow (SH), Seaman’s Gulch (SG), Little Camas (LC), and Little Wood (LW). Plants Eyrthermore, our results indicate that the
were grown in 4 soil treatments for 17 weeks in a greenhouse to compare responses to ; i i

availa%ility (control vs. straw) and N form (NH4+ g I vs. NO3). AstePisks abopve bars ?Acé\;\r/earczﬁ\rlgggNn:nggP;ﬁ? rtl(l)alrsogtllsog?iﬁi

denote significant (P < 0.05) differences between the respective 2-treatment comparisons. expense of whole-plant growth, ever

though these slow-growing species ar
treatment, grasses, and their interactioperennial species, because low N availikely to be functioning closer to their
had significant effects on soil NO(Table ability affected both annual and perennialboptimal growth and metabolic rate’ when
2). Significantly more N@remained in species similarly. soil N is limiting (e.g., Chapin et al. 1987).
soils of the N@™ treatment than the other All grasses generally produced more Our results also demonstrated that th
4 treatments for all grasses exceptillers and allocated additional growth andmagnitude of differences in growth
medusahead. Grasses had similar effedisto shoots and roots when supplied O responses between annual and perenni
on soil NG;™ for all treatments except thecompared to NL—1|+. Thus, we did not grasses was lower when N was drasticall
NOj3™ treatment, where cheatgrass andbserve a clear distinction between annuaéduced by microbial immobilization com-
medusahead generally reduced soilgNO and perennial grasses when their relativeared to the control or the 3 N addition
more than the perennial grasses. Howevagsponses to distinct forms of inorganic Nreatments. Thus, under low soil N, the
the only significant difference betweenwere compared. Consequently, theelative performance of these 2 group:
species for soil Ng in the NG;™ treat- hypothesis that seedling growth and Nnay be similar enough so that the slow
ment was between medusahead and Littidlocation of invasive annual grasses igrowing native perennial grasses are cap:

Wood bottlebrush squirreltail. more responsive than native perennidile of gradually replacing the fast-growing
grasses when supplied with NOrelative invasive annual grasses. For example

) _ to NH, " was also rejected. medusahead produced nearly twice a

Discussion many tillers per plant than cheatgrass an

the perennial grasses in the control trea

Low N availability t but in the st treat t, till
Low N availability induced by microbial  The rejection of Hypothesis 1 necessit o’ UL 1IN e straw treatment, bries

immobilization drastically reduced planttates an explanation for the greater opumbers for medusahead were marked|
growth and N allocation to roots andequal performance of invasive amnuafecju.ced and comparable to the othe
shoots of all species. Moreover, the maggrasses compared with that of the nativaPecles. Reducing the ”“F”b.er of tillers pe
nitude of these reductions was similar foperennial grasses under low soil N availPlant would also greatly limit the number
all species, even though invasive annuaksbility. This hypothesis rejection also sug-Of viable seeds to supplement invasiv
produced more tillers per plant, hadyests that caution should be taken Whezﬁnnual _seedbanks. Limitations on see
greater shoot dry mass, and allocated moessuming that low nutrient demand o roductlor] may be partly responsible fo!
N to shoots than perennials. On the basfserennial grasses translates into great e reductions in cheatgrass (Redente etf
of these results, we reject the hypothesisompetitive ability under low N condi- 92, Paschke et al. 2000) and medus
that low N availability reduces growthtions. Others have observed similar result@e.ad (Young et al. 1995, 19.98) on semi
(root and shoot) and N allocation of invato ours in short-term pot experimentflrld rangelands when soil N is maintaine
sive annual seedlings more than nativéBerendse et al. 1992, van der Werf et ow for multiple (3 to 5) years.

JOURNAL OF RANGE MANAGEMENT 56(3) May 2003 287



Although invasive annual grassesl999, Davis et al. 2000). Our results agreManagement Implications
showed equal or greater efficiency inwith previous reports that annual grasses Species dominance has been experime
acquiring soil N under limiting N condi- are capable of maintaining higher growthally shifted by N availability in many
tions, the native perennial grasses digates than perennial grasses (Garnier 199g)ant community types including mesic
played more efficient N use after N washrough greater leaf N concentrationheathland (Aerts and Berendse 1988)
acquired. Two main traits are generallChapin 1980) and higher N absorptiorabandoned cropland (Tilman 1984, Wilsor
recognized as contributing to competitiveate (Garnier and Vancaeyzeele 1994pnd Gerry 1995), shrub-steppe rangelan
ability and efficient N use under nutrient-however, invasive annual grasses haviea North America (Redente et al. 1992,
poor conditions: 1) relatively high invest-shorter growing periods (Jackson and Rogillen and Berg 1998, Paschke et al. 200C
ment of biomass in roots to enhancd986). Higher growth rates enabled invaand Australia (Hobbs and Atkins 1988,
absorption (Chapin et al. 1987, Tilmarsive annual species to take advantage &nhyman 2002), and arid shrubland:
1988) and 2) low nutrient losses (leahigh N availability (e.g., Aerts and (Milberg et al. 1999). However, few
retention) and increased nutrient resorpBerendse 1988) and produce significantlgxperiments have directly examined the
tion from senescing leaves (Grime 1979more shoot dry mass with higher C:NGreat Basin species evaluated in ou
Berendse et al. 1992). We observed thaatios than the native species, regardless ekperiment. With increased awareness c
the native perennial grasses in the presetieatment. In contrast, perennial grassebe impacts of atmospheric N depositior
experiment displayed both of these traitsemonstrated less plasticity in shoot dryn many regions of the world (Morecroft et
to a greater extent than the invasive annuailass under high N availability. Greateral. 1994, Vitousek et al. 1997, Kirkham
grasses. Perennial grasses primarily allsesponsiveness of invasive annua2001), it is imperative that the potential
cated N and biomass to roots and thus hagedlings to high N availability, thus,impacts of modifications in soil N on
significantly higher root:shoot ratios thanincreases their competitive ability andspecies composition and competitive inter
the invasive annual grasses. Moreovefacilitates the replacement of desirablactions are better understood for range
consistently lower leaf C:N ratios, asperennial grasses (e.g., Tilman 1982ands. Based on the results of our study
observed in the native perennial grassed|cLendon and Redente 1992, Paschke @te suggest that 3 specific researcl
reflected greater overall nutrient retentioral. 2000), especially when inorganic soil Nemphases may provide critical informatior
(per unit mass) and investment in perennremains abundant (e.g., Bazzaz 1979 advance our understanding of soil N
al structures compared to the invasivd&ilman 1987). relations in rangeland plants. First, specie
annual grasses. Similarly, Redente et al. Our results suggest that efficient Npreferences for N forms in a soil environ-
(1992) found that low soil N generateduptake demonstrated by the invasive annuent should be evaluated in experiment
lower C:N ratios an@reater tissue N con- al grasses compared to the native perentiir which N forms are varied independently
centrations in late-seral, perennial speciesls resulted in greater depletion of soifrom N availability. Second, experiments
compared to early-seral, annual species MO3~ within the NG;~ treatment during that characterize the resource requiremen
semiarid, shrub-steppe rangeland. Thedbe experiment. On the contrary, soibr demands of invasive annual and desil
observations coupled with much greateNH4+ was depleted to similar levels byable perennial grasses should be conduc
leaf longevity in the perennial grasses helpnnual and perennial species during thed to examine hypotheses regarding ho
define the mechanism by which perenniaéxperiment. These observations lead to ththe competitive balance of these twc
grasses may increase their relative compdtitriguing question: were the invasivespecies groups may be controlled by |
itive ability through time when N availabil- annual grasses more responsive at bo#tvailability. Third, rangeland plant
ity remains limiting (e.g., Parrish andhigh and low soil availability because theyresponses to N form and availability neec
Bazzaz 1982, Schlapfer and Ryser 1996)yere more efficient at extracting soilto be scaled-up to the level of plant com
even though the annual grasses have higheO3™? If the answer is yes, it provides amunities by evaluating the potential func-
growth rates and N uptake efficiency in thelausible explanation for why increasedional differences in N cycling between
short term. Thus, managing for continuallyavailability of NO3™, but not NH,", plant communities dominated by invasive
low N availability appears to be a potentialncreased seedling establishment odnnual grasses and those dominated
integrated weed management tool (e.gmedusahead from existing seedbankgesirable perennial grasses (e.g., Bolton
Masters and Sheley 2001) to reduce th@/oung et al. 1995), while reducing nitrifi- al. 1990, Svejcar and Sheley 2001, Evan
productivity of invasive annual grasses andation (decreased availability of NOQ et al. 2001).
provide a competitive advantage to sloweffectively curtailed medusahead plant
growing native perennial grasses (Grimelensity (Young et al. 1998). It, therefore,

1979, McGraw and Chapin 1989). seems likely that the availability of differ- Literature Cited
ent ['(_)rms of inorganic N (Ng@ qnd
High N Availability NH4") may be a way of effectively o1 g and F. Berendse. 1988he effect of
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